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SECTION I

INTRODUCTION

BACKGROUND

The US Southern Command (SOUTHCOM)
has a requirement for a Small Reverse
Osmosis Water Purification Unit (ROWPU) to
support small task forces throughout Latin
America to perform a variety of assistance
missions, such as disaster relief, search and
rescue, road building, and counter-narcotic
support. The SOUTHCOM Request for
Water Purification Support and the approved
Operational Needs Statement (ONS) are at
Appendix A.

In November 1987, the Water Technology
R&D Team of the Belvoir Research,
Development and Engineering Center
(Belvoir) was briefed on the problems
SOUTHCOM was experiencing with water
purification equipment. Currently, the water
purification equipment used to support
SOUTHCOM'’s deployed theater task forces
consisted of borrowed assets from Continental
United States units, specifically the 600
gallon per hour (gph) ROWPU, which far
exceeds the needs of a single task force.
Furthermore, these current systems require a
single C-130 aircraft to transport the unit,
personnel, and supplies to the area of
operation. Minimum cost for this airlift is
$24,000. Moreover, the availability of
support personnel, equipment, and supplies to
maintain water production with a 600 gph
ROWPU is often a problem for SOUTHCOM
task forces.

SOUTHCOM requested approval from
Headquarters, Department of Army (HQDA)
of an ONS for a Small ROWPU. The ONS
was approved 16 June 1988 and was
designated as a Quick Reaction Program. In
addition, the approval letter directed
Headquarters, Army Materiel Command
(HQAMC) to evaluate candidate Small
ROWPUs for SOUTHCOM.

In order to provide earliest possible water
purification capability to SOUTHCOM,
Belvoir conducted a market investigation to
identify manufacturers capable of supplying a
ROWPU in accordance with the requirements
stated in the SOUTHCOM ONS. Belvoir
combined its market investigation results with
those obtained during a market investigation
conducted for SOUTHCOM by the BDM
Corporation in 1987, and proceeded to initiate
a competitive procurement action to obtain
one commercially available “off-the-shelf”
Small ROWPU from a domestic
manufacturer. The winning offeror,
MEMCOR, Inc., Baltimore, MD, was selected
on the basis of best technical approach and
lowest cost.

It is noteworthy that the MEMCOR Small
ROWPU was found to most closely meet the
SOUTHCOM ONS requirements, as
compared to other domestic ROWPUs, but
none of the domestic units met all
requirements. The MEMCOR ROWPU was
provided to the Tropic Test Site (TTS),




Republic of Panama, in May 1989 for troop
training and operational evaluation. The TTS
operational evaluation confirmed that the
domestic Small ROWPU could not meet
SOUTHCOM requirements. The most critical
shortfalls were in system weight and
operability. The operational evaluation of the
domestic Small ROWPU was discontinued in
July 1989 due to political unrest in Panama
which led to partial withdrawal of personnel
from the TTS and eventually culminated in
Operation Just Cause in December 1989.

Having recognized that no domestic
manufacturer was capable of offering a unit
which fully met the stated requirements,
Belvoir initiated a parallel action to obtain
funding for evaluation of foreign military
Small ROWPUs meeting the SOUTHCOM
requirements. Funding was obtained through
the Foreign Weapons Evaluation Program.
This funding was used for the procurement of
four Small ROWPUs: two from Stella-Meta
Filters, Whitchurch, England; and two from
MEMTEC, Limited, South Windsor,
Australia. The two MEMTEC ROWPUs
were received at Belvoir in February 1990 for
training, engineering evaluation, and shipment
to Panama for operational testing.

This report describes the engineering
evaluation of the MEMTEC Small ROWPU.
For information concerning the Stella-Meta
Small ROWPU, see Belvoir technical report,
Engineering Evaluation of the Stella-Meta
Small Reverse Osmosis Water Purification
Unit for United States Southern Command, to
be published in Spring/Summer 1991.

OBJECTIVES

The objectives of this Engineering
Evaluation were to:

1 Determine if the MEMTEC, Limited,
Small ROWPUs met Quality Assurance
acceptance criteria listed in contract
DAAK?70-89-C-0076, Section E.1.1 (see
Appendix B for excerpt from contract);

2 Provide an opportunity for the Project
Engineer and support personnel to obtain
a working knowledge of the Small
ROWPU’s operational characteristics
prior to the operational test at the TTS,
Panama; and

3 Accrue operating hours on the Small
ROWPU system under semi-controlled
conditions to provide an opportunity to
correct any operational glitches prior to
initiating TTS operational testing.

This engineering evaluation was not intended
to serve as an operational test of the
MEMTEC Small ROWPU’s ability to purify
water to meet drinking water standards. For
results of the Small ROWPU'’s performance
in purifying water to meet drinking water
standards, see document No. DPG-TR-90-
220B, The US Army Test and Evaluation
Command project number 8-ES-225-00-007,
Dugway Proving Ground, UT.




DESCRIPTION CF EQUIPMENT ROWPU system. The unit is configured in
three separate sections or subsystems

The MEMTEC Small ROWPU system is a consisting of the following:

ROWPU having a net potable water

production of 30 gph on seawater and 90 gph @ Freshwater System:

on freshwater. The units supplied were Continuous Micro-

MEMTEC model number 100 LPHSW, Serial Filtration Module 120 1b
No. 89-5006 (Unit 1) and Serial No. 89-5007 Air compressor 145 1b
(Unit 2). The MEMTEC Small ROWPU is Storage box 3751b
intended to be capable of operation on Control panel 90 Ib

freshwater (0 to 1,500 parts per million (ppm)
Total Dissolved Solids (TDS)), brackish water @ Desalination Unit:

(1,501 to 15,000 ppm TDS), or seawater Reverse Osmosis
(15,001 to 35,000 ppm TDS) sources. The (RO) Skid 1501b
MEMTEC Small ROWPU is intended to
operate on power supplied by one standard e Storage and Distribution System:
military 3 kilowatt (kW) generator. Figure 1 500 gal fabric tank (with separate
depicts a schematic of the MEMTEC Small storage box)

GENERATOR

FERD PunP

Figure 1. Schematic of the MEMTEC Small ROWPU




Also included is a precision dosing pump Table 1 contains a list of accessories which
which is used as a chlorine sterilization were delivered with the unit.

dosing package to disinfect the product water
when the unit is operating from freshwater,
brackish water or seawater.

The unit was also delivered with commercial
operational/maintenance manuals. The
contractor provided 1 week of training to the
principal Project Engineer and the test and
evaluation staff on the operation and
maintenance of the water purification unit.

The storage and distribution system includes
one 500 gallon food quality fabric pillow
tank. Distribution is accomplished via gravity
feed through a potable water quality hose.

Table 1. MEMTEC Small ROWPU Accessories

tem

25-foot raw water hose

Submersible pump/suction strainer

Suction strainer float

10-foot product hose

Chlorine measurement instrument

pH measurement instrument

TDS measurement instrument

Chemical mixing tank

Set of spare parts for 1,000 operating hours

:
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SECTION 11

OPERATING PROCEDURES

Throughout the Engineering Evaluation, the
MEMTEC Small ROWPU was operated in
accordance with the commercial
operational/maintenance manual. The
operating sequences of the MEMTEC Small
ROWPU for both water production and
backwashing are monitored and controlled by
a factory-programmed microprocessor. The
MEMTEC Small ROWPU system operations
for water pioduction and backwashing are
described below.

WATER PRODUCTION

Unfiltered water is pumped from the raw
water source and through a flexible suction
hose to the hollow fiber Continuous Micro-
Filtration (CMF) module. Large particles are
removed by a 140 micron strainer before the
feed stream enters the hollow fiber filter
cartridge bank. A portion of this feed stream
is cleaned by passing through the membrane
walls and then it flows out of the system as
filtrate (see Figure 2). The portion of the feed

stream that does not pass through the
membrane is rejected through a discharge
hose. As the filtrate exits the CMF module, it
passes to the reverse osmosis (RO) module, if
the RO module is on line. For freshwater
purification, the RO module may be removed
from the system. A high pressure pump
forces the filtrate into the RO membrane
elements where dissolved solids are removed.
The MEMTEC Small ROWPU RO module
consists of three 2.5-inch spiral wound thin
film composite RO membrane elements (see
Figure 3). The reject (brine) from the
membrane is discharged and directed back to
the CMF module where it is commingled with
the filter reject stream and returaed to the raw
water source. The filtrate leaving the RO
module is disinfected by a chemical feed
pump injecting dosages of disinfectant. The
disinfectant is stored in the Compressor and
Dosing Module. The disinfected product
water is then fed to the collapsible fabric tank
for storage and distribution.




OPERATING MODE

The feed stream is pumped into
the cartridge shell and passes
over the fiber walls. Some liquid
filters through the walls and exits
the cartridge as clean filtrate. The
remaining feed and rejected
waste flows across the fiber wall
as concentrate and exits through
the shell outlet.

Concentrated
waste
material is
rejected from
shell

Feed stream
is pumped
into shell and
separated
into two
components

Clean filtrate
exits from
end of shell

Figure 2. Continuous Micro-Filtration Module
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BACKWASHING

Contaminants which become trapped in the
pores of the hollow fiber membranes are
periodically removed during the automatic
backwash cycle. Air supplied by an air
compressor in the Compressor and Dosing
Module enters the CMF module and drains

SECTION III

the fibers. The drained liquid exits the CMF
module and is carried away by discharge
hose. Next, the insides of the fibers are
pressurized with air, and a blast of air is
released which drives the accumulated debris
off of the fiber walls. Crossflow is resumed
and normal filtration continues.

ENGINEERING EVALUATION
DISCUSSION AND RESULTS

The Engineering Evaluation was divided into
four tests, including a 6-hour Quality
Assurance Test, a 5-day Seawater Test, a
5-day River Test, and a 5-day Pond Test.
Appendix C contains testing photographs.
Each test was conducted at the US Army
Belvoir Research, Development and
Engineering Center (Belvoir) during the
following dates:

Quality Assurance
Test: 2 - 5 February 1990
(Units 1 and 2)

Seawater Test: 12 - 16 February 1990
(Unit 1)

River Test: 20 - 23 February 1990
(Unit 1)

Pond Test: 26 - 28 February 1990
(Unit 2)

Due to the inaccurate flow gauges located on
the MEMTEC Small ROWPU, an accurate

external flow meter was used to measure the
product flow rate. The flow rate recorded
from this flow meter was multiplied by a
factor to get a result of gallons per hour, and
is reported as “CALCULATED PRODUCT
FLOW.” This accurate flow rate was then
normalized to temperature and raw water
TDS for the tests which included the RO
section. A flow totalizer was also added to
the test loop to record the total product water
produced by the Small ROWPU.

QUALITY ASSURANCE TEST
(6 hours)

Prior to any operational training, the 6-hour
.ality Assurance Test was conducted on
both Units 1 and 2, of the MEMTEC Small
ROWPUs. The Quality Assurance Test
required that the ROWPUs be hydraulically
tested using seawater (35,000 TDS at 25°C)
for not less than 6 hours. Evidence of any of




the conditions listed below would have been
cause for failure of the Quality Assurance
Test:

e leaks at any weld seam or connection
e failure of any switch or light to operate
e failure of valves to operate properly

e mechanical or electrical failures with any
part.

The Quality Assurance Test was conducted in
Belvoir's Reverse Osmosis Element Test
Room, Building 325. The test room is heated
and has an exhaust fan for cooling. Each
MEMTEC Smali ROWPU was powered by
one 3 kW military standard gasoline
generator. The generators were located
outside the building, and cables from the
generators were led to the ROWPUSs through
an aperture in the building wall. Synthetic
seawater was used for the Quality Assurance
Test. The temperature of the seawater was
not controlled by a heat exchanger. When the
temperature in the test room exceeded 90°F,
the exhaust fan was activated and ice was
added to the seawater.

The Quality Assurance Test was conducted in
the presence of MEMTEC representatives
who assisted the Project Engineer in the
operation of the Small ROWPU. Pre-test
inspection revealed that the computer
program which controls the backwashing
operation sequencing contained a
programming error which manifested itself by

causing continuous backwashing during the
chemical cleaning process. MEMTEC
modified the program prior to the start of the
Quality Assurance Test to correct this
problem. During the initial start-up of the
test, the air compressor in one unit would not
build up pressure. Following disassembly
and inspection, dirt was found to be blocking
a check valve in the assembly. Once the
check valve was cleaned, no further problems
with compressor operations were noted.

During the 6-hour operation, the ROWPU
was examined and inspected. No leaks at
weld seams or connections were detected.
The lights, switches, and valves operated
successfully with the exception of the check
valve, as described above. No mechanical or
electrical failures occurred.

SEAWATER TEST

The 5-day Seawater Test conducted on Unit 1
was designed to achieve the following
objectives:

e cvaluate equipment operation
characteristics during a typical mission
time period;

e gain an understanding of probability of
membrane fouling, operating pressures,
flow rates, and membrane element life
expectancy when operating on seawater;
and

e determine the ROWPU system’s material
compatibility with corrosive seawater.




The 5-day Seawater Test was conducted in
Belvoir's RO Element Test Room, Building
325, with the same feed water and under the
same environmental conditions as those for
the Quality Assurance Test.

During the Seawater Test, product water
samples were collected hourly and tested for
TDS, pH, and temperature. The operational
data for the Seawater Test is at Appendix D.
A summary of the data is shown in Table 2.

Table 2. Summary of Operations—Seawater Test

Parameter Cumylative Total
Cumulative flow 1,228 gallons
Total unit operating time 42.8 hours
Total generator time 44.6 hours
Parameter Seawater Test Average
Pressure gauge #5 732 psi
Brine flow FM2 2.0 gpm
Product flow FM3 0.3 gpm
Calculated product flow 30.7 gph
Normalized flow 44.1 gph
Pressure gauge #1 27 psi
Pressure gauge #3 27 psi
Microfilter delta pressure 0.0 psi
Product water TDS 311 ppm
Product water pH 7.3
Raw water TDS 34,998 ppm
Raw water pH 7.3
Raw water temperature 26.4°C

10




The ROWPU was successfully operated on
seawater for a total of 42.8 hours. After 2
hours of operation, the unit automatically
ceased water production and went into clean
mode. It was found that an error in the
computer program caused this condition. The
manufacturer was notified and subsequently
provided instructions to bypass this conditions
so testing could continue. The unit was
repaired 3 hours later by the manufacturer.
The unit was put back into operation;
however, it was noted that the air compressor
was not shutting off after reaching the proper
pressure. The unit was shut down to inspect
the air compressor. Dirt was found in a check
valve located on the air compressor. This
condition was corrected and the unit was put
back into operation. Dirt was then found to
be clogging flow through the flow restrictor.
This condition resulted in reduced output
from the microfilters and thus cavitation of
the high pressure pump. Once this problem
was corrected, operations continued without
incident, until the submersible pump
experienced an internal short. The short
resulted from exposure of the electrical
connections to seawater despite the
precautionary cover and sealant. This was
considered a major design flaw and would be
a recommended area for engineering
improvements in future MEMTEC Small
ROWPUs. There was also some corrosion of
aluminum parts on the ROWPU as a result of
contact with the seawater.

There were no indications of fouling of either
the RO membrane elements or the
microfilters. Increased pressure without
recovery after cleaning or reduction in

11

product water quality would be an indication
of fouling.

RIVER TEST

The River Test was conducted on Unit 1 at
Belvoir's Potomac River test site, Building
T394. The Potomac River is considered to be
a highly turbid, natural freshwater source
similar in degree of suspended materials to
the highly turbid rivers found in Central and
South America. Arrival and departure of
Army landing craft headed for a repair station
located across the river from the ROWPU
intake point increased the turbidity of the
river water during the River Test. Rain,
which fell for 3 of the 5 days of testing, also
helped raise the river’s turbidity.

The River Test was conducted with and
without the RO module of the system on line.
The unit in actual field conditions where
freshwater is being treated may not, in many
cases, be operated with the RO section. This
modular design, which allows for unnecessary
sections to be removed to save on space and
weight demands, is a major advantage of the
Small ROWPU.

Results of the River Test operations without
the RO module are summarized in Table 3.
The actual hourly operating data for the River
Test without the RO module is at Appendix E.
The actual hourly data for the River Test with
the RO module in line is at Appendix F and is
summarized in Table 4. The ROWPU was
operated on the Potomac river for a total of
29.5 hours, with one incident accountable to
the unit. Again, the flow restrictor became




clogged 23 hours into the test in a repeat of
the incident experienced during the Seawater
Test. MEMTEC representatives believed that
the clogging agent was Teflon tape used on
the piping joints. The flow restrictor was
cleaned 6 hours after problems first occurred.
The delay in cleaning the flow restrictor
resu'ted from difficulties in locating the
source of the problem.

During the entire River Test, a total of 1,160
gallons of water were produced. A second
incident, found to be accountable to testing
and not the unit itself, occurred after 9 hours

of testing. The unit was taken into an
unheated building for overnight protection
from freezing. During the setup of unit and
starting of the 3 kW generator, the impeller of
the submersible pump was frozen in ice.
Therefore, when the unit was started, the
pump blew a fuse in the control panel.

Table 3. Summary of Operations—River Test Without RO

Parameter

Cumulative flow
Total unit time
Total generator time

Parameter

Calculated product flow
Pressure gauge #1
Pressure gauge #3
Microfilter delta pressure
Product water TDS
Product water pH
Product turbidity

Raw water TDS

Raw water pH

Raw water turbidity
Raw water temperature

Cumuiative Total

668 gallons
11.8 hours
13.2 hours

River Test Average (no RQ)

57.1 gph
23 psi
22 psi

1 psi
123 ppm
7.4

0.2 NTU
125 ppm
7.4

12.2 NTU
9.3°C

12




Table 4. Summary of Operations—River Test With RO

Parameter Cumulative Total
Cumulative flow 492 gallons
Total unit time 17.7 hours
Total generator time 18.8 hours
Parameter River Test Average (with RO)
RO gauge pressure 398 psi
Brine flow 1.8 gpm
Product flow FM3 0.27 gpm
Calculated product flow 30.3 gph
Normalized flow 68.1 gph
Pressure gauge #1 21 psi
Pressure gauge #3 20 psi
Microfilter delta pressure 1 psi
Product water TDS 4.5 ppm
Product water pH 7.9
Product turbidity 0.15 NTU
Raw water TDS 119 ppm
Raw water pH 71
Raw water turbidity 34 NTU
Raw water temperature 8.4°C

POND TEST As with the River Test, water production

The Pond Test, conducted on Unit 2, was
designed to provide evaluation of the Small
ROWPU operations on a low turbidity, high
organic content, freshwater source. This was
conducted on a small lagoon, approximately
65,000 gallons, near Building 325. Asa
result of rainy, snowy, and windy weather,
which caused disturbances in the pond, the
turbidity of the pond water was higher than is
normally expected for a stagnant pond.

13

operations were conducted both with and
without the RO module removed from the
Small ROWPU system. The results of the
Pond Test are listed in Tables 5 and 6, for
operations without and with the RO module,
respectively. The actual hourly data for the
Pond Test without and with the RO module
are at Appendices G and H, respectively. The
ROWPU operated for a total of 45 hours, 27
of which were operations without the RO skid.




During the Pond Test, the outdoor
temperature averaged 40°F, with a low of
26°F and a high of 50°F. At the start of the
test, ice had formed on the pond; it was
broken up prior to testing. During the second
day of testing, snow was falling. The cold
conditions caused a check valve to freeze
which prevented backwashing. The check
valve was cleaned; operations resumed
shortly thereafter. To prevent the unit from
freezing again, two small electric heaters were
placed on either side of the unit and the entire
assembly was covered. Each evening, the
unit was taken inside the warm building;
however, this did not help prevent the unit
from freezing during setup the next morning.

Propylene glycol was recommended by the
Water Technology R&D Team, Fuel and
Water Supply Division, as a preservative and
an antifreeze (see Material Safety Data Sheet
Appendix I). After propylene glycol was
flushed through the entire unit each evening,
no further freezing problems were
encountered.

As the final stage of testing, the chemical
dosing pump was used to chlorinate the
product water. The pump was operated for 15
hours at an average rate of 6.4 ppm. The
pump was difficult to control; the steady rate
required of S ppm was never maintained.

Table 5. Summary of Operations—Pond Test Without RO Skid

Parameter Cumuliative Total
Cumulative flow 2,337 gallons
Total unit time 27.0 hours

Total generator time 27.8 hours
Parameter Pond Test Average (no RO)
Calculated product flow 89.5 gph
Pressure gauge #1 32 psi
Pressure gauge #3 32 psi
Microfilter deita pressure 0 psi

Product water TDS 29 ppm
Product water pH 5.7

Product turbidity 0.18 NTU

Raw water TDS 30 ppm

Raw water pH 6.2

Raw water turbidity 23.5 NTU

Raw water temperature 5.4°C
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Table 6. Summary of Operations—Pond Test With RO Skid
Cumulative Total

Parameter

Cumulative flow
Total unit time
Total generator time

Parameter

RO gauge pressure
Brine flow

Product flow FM3
Calculated product flow
Normalized flow
Pressure gauge #1
Pressure gauge #3
Microfilter delta pressure
Product water TDS
Product water pH
Product turbidity
Product chlorine level
Raw water TDS

Raw water pH

Raw water turbidity
Raw water temperature

520 gallons
18.0 hours
18.9 hours

Pond Test Average (no RO)

527 psi
2.1 gpm
0.27 gpm
29.0 gph
50.5 gph
31 psi
32 psi

1 psi

51 ppm
6.9

0.74 NTU
6.4 ppm
33 ppm
6.0

30.1 NTU
7.3°C




SECTION IV

CONCLUSIONS

The Engineering Evaluation of the MEMTEC
Small ROWPU was completed March 1990,
after which both Units 1 and 2 were shipped
to the Republic of Panama for tropic testing at
the TTS. As delivered to Belvoir, the two
MEMTEC Small ROWPUs were found to be
acceptable in that they did not fail any of the
criteria listed in the Quality Assurance Test
(see objective 1, page 2). The engineering

SECTION V

evaluation fully prepared the Project
Engineer, water treatment NCO, and test
director to initiate freshwater and seawater
purification operations in Panama and
provided a working understanding of the
MEMTEC Small ROWPU (see objective 2,
page 2). And finally, 85.2 total hours were
logged on Unit 1 and 55.1 hours logged on
Unit 2 (see objective 3, page 2).

RECOMMENDATIONS

1 Due to the failure of the submersible pump
during the Seawater Test, a redesign is
recommended to ensure that the pump wiring
is effectively protected from exposure to the
source water.

2 The air compressor supplied by MEMTEC
did not have a National Electric Manufacture
Association (NEMA) 4 rating. Although this
was a requirement of contract DAAK70-89-
C-0076, it was not included as an item for
acceptance or rejection under the Quality
Assurance Tests. To ensure that the air
compressor and all other components
delivered under future procurements can be
safely operated outdoors and in the rain, this
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requirement must be included as a basis for
acceptance or rejection of the Small ROWPU
System.

3 The commercial manuals are adequate, but
it is recommended that they be revised to
include instructions for operation on
freshwater mode without the RO system, and
typical values to be expected for pressures
and flow rates during operations on seawater,
brackish water, and freshwater (both with and
without the RO module).

4 An attempt should be made to keep
aluminum parts away from the caustic
cleaning solution to prevent the aluminum
from dissolving.




APPENDIX A. USSOUTHCOM REQUEST FOR

WATER PURIFICATION SUPPORT AND OPERATIONAL
NEEDS STATEMENT

DEPARTMENT OF THE ARMY
QFFICZ OF THE CEPUTY CHIEF CF STAFF FOR CPESATIONS AND PLANS
NASHINGTON, DC 20310 - 04

|y 0
ATTRNTION OF

1§ JUN 100g Radde
SAMO-DL -

MEMORANLUM FOR S22 DISTRIBUTION

SUBJECT: Reguest for Water Purification Sugror=

1. References:
a. Memo, US SOUTHCCM, dated 2 May 88, subject as above.

b. Water Rescurce Management Acticn Group (WRMAG) #1:Z
Meeting at Fort Belveir, 3-5 May 88.

2. IAW Para 3-5¢(2) and Para 3-9, AR 71-9 (Materiel Cbhjectives
and Requirements, 20 Feb 87), the ONS (enclosure 1) is approved
provided caments in the attached DA Form 2028 (enclosure 2) are
incorporated. A RCC is nct required if procurement is NDI,
requiring minimal or nc modificaticns.

3. HQ AMC is requested to:
a. ?Prccure pratotyres using SCUTHCCSM furnds.

b. Test prototypes with user and develcp acguisition
strategy tc meet FY 89/FY 90 fielding cate.

4. As discussed in reference b, Type Classificaticn is not
required i{f the following crizeria (Ref para 1-8e, AR 70-61) are
met.

a. Ccmmercial items authcrized only by JIDA/TDA.

b. Ne¢ standard item§ in system will sazisfy requirement.

<. Requirement only for regquesting unis. : Lot

d. Responsibility for logistical suprort (repair parts/
maintenance services) with user.

S. Manpower/force structure assessment. No additional personnel
are autncrized.

€. Training assessment. No sgecial training requirements exist
as discussed in reference b.
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CAMO-FOL
SUBJECT: Regquesz for Water Purification Support

7. US SCUTECCM agrees with above plan for providing water
zurification support.

8. HCDA DAMO-PDL POC is Mr. Eddie Craig, AV 225-3261.

2 Encls WILSON A. SEHO
Major General, .
Assistant Deputy Chief of staff
for Cperations and Plans,
Force Develcpment and Intagraticn

DISTRIBUTICON:

CDR, AMC, ATTN: AMCDE-SD, ALEX, VA '//’
BRDEC, AT™: STHBB-FSE, FT BELVOIR, VA

US ARMY, TSA, ATIN; AMCPM-PWL, ST LOUIS, MO .
CDR, SOUTHCOM, ATTY: SCJS-RS/SCCC, APC MIAMI -
CDR, TRADOC, NYTM: ATCD-SL, FT NGMROE, VA

EQDA DAMO-FIR, WASH, DC

BQDA DALO-TSE, WASH, DC
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OPERATICNAL NEZDS STATIMENT
USSCUTHCOM RIQUIREMENT FCR WATER PURIFICATION

L. Preslem,

a. The U. S. national strategy for dealing with Low I[nteasity
Conflics advocates that indirect apolications of U.sS. militacy powe:
a2 tne most appropcriate and cost effective ways td achieve national
goals. wWithin the context of USSOUTHCCM the national goals have
Seen defized as promotion of democracy, fostecing eccnomic
develcpment, strengthening dialogue and diplomacy within and among
Latin Amezican countries, and coatriouting to defensive capabilities
that allow progress without debilitating external intecference. Tne
indirect application of military power towacd these goals directly
translates to security assistance in the form of small task forces.
These sma.l task forces perform a variety of assistance missions t3
include Jd.saster relief, seacch and rescue, road building,
counter-narcotic support, traiaing support, civil-military
activities, combined exercises, and peace keeping. '

b. Currently assigned water pucrification/productica
capabilities of the USSOUTHCOM components ace either fixzed
facilities or large vehicle mounted units requiring dedicated airc
transpgort to position them for water support of the deployed task
focces. These systems are not suitable for suppocting multiple
50-150 per=onnel tasks focces deployed throughout the theategz on a
coutine basis. They ace large, bulky, requice 2 prime mover Of
special load handling equipaent, and have a production capacity
beyond the needs of an single task force. Yet, thecre are
insufficient systems to support multiple task focces. USSQUTHCCM
needs water purification units which arce designed to suppocrt 50-150
personnel.
2. Justification. Water purification equipment used £d suppoct
deployed tneater task forces are frequently augmentation assets fcom
~ONUS units. As a minimum, this augmentation requires a single
C-130 aircraft ro transport the unit, personnel, and supplies to the
acea of operation. Minimum cost foc this augmentation atclift is
$24,000. Moreover, the avallability of suppoct pecrsonnel,
equipment, and supplies to maintain production is often a problenm.
Even when augmented, the borrowed systeams are 10 bettec suited to -
support the small task forces than the limited organic-systeams. The
same problems exist - too heavy, too bulky, too much capacity, no
flexibility, etc.

3. Systea Chacactecistics.

a. Required.

(1} Minimum acceptable output is 85 gallons pec hour in
salt water.




(2) Four man lift of system oc¢ individually configure?
comgonents

{J) Movable on the ground (components or system) by one
aan.

(4) Pplaced into opecation in one hour.

{5) Air -canspoctable by C-130 aircraft ocr CH~47 Chiacok
nelicopter without reconfiguration.

(é) sSling loadable by UH-1 without reconfigucation.

{7} No special skill or training required of operatact. A
94820 (cook) - : s i

©PieL Be wraiacd e Sftrab e’ L & Term -

NI el . T eP<rater Mol Awmant. O~ 4.’ Sysmem

{3) Systea operates off of standacrd military generators.

b. Desirable. —_
(1) System is configured as one unit requiring no assembly
other than connection of hoses.

(2) System operates off of standard 115V AC/DC currcent.

{3) Systen alects operator to problems ocr reguized
maintenance,

4. Operational Concept. The water purification units will be
included i1n the task ocganizations and eamployed by the 250 to 1300
small joint task focces which are deployed each year throughout
Latin America ca a varliety of assistance missions.

S. Organizational Coacspt. The vater purification'uniés will be
assigned witdin USARSO Eor property accountability and non-periodic
maintenance. The units vill be receipted to the logistical support

elenent of deployed joint task focrces as required to support
missions of JSSQUTHCOM throughout the area of responsibility.

6. Procurement Objectives. The sSystems will be used to support .
operaticaal requiceagnts. A total of 12 to ﬁqnits. depending on
the specific purification rates (85-250 gallons per hours) will be
required to fulfill the total USSOUTHCOM requirement.

7. Support requirements. The water purification units will require
small power generacocs and water storage tanks for the pu:i!igd
vater. Water pumps may also be required depending on the design
charactecistics of the system.

8. Availability. A market survey conducted by BDM under Contract
No. DABT 60-86-C-1160 indicates that the USSOUTHCOM requicement
could de fulfilled by several US manufactured commercial models
through off-the-sbelf procurement on a shoct-notice basis.

9. Recosmendation. That ADEA and BRDEC be tasked to procuce and
evaluaced prototype models foc fulfilling the USSOUTHCOM cequicement
and cefining coacepts of emplayment. Subsequent to this evaluation,
18 systess should be procured to mseet the USSOUTHCOM need.




PURCHASET DESCRIPTION
WATER PURIFICATICN UNIT
SMALL UNIT OPERATICNS
REVERSE OSMCSIS

) SCICFZ

1.1 Sccce. This puschase description defines a reverse osaosis
water purification unit, having a net potable water production of
150 GP4, for use in small unit operaticas. The effluent watet
shall meet field Army drinking water standards as stated_in T8 MED
577. The unit shall operate 20 hours per day from fresh (0-1500
‘ppm NaCl) brackish (1501-15,000 ppa® NacCl) or salt water, (15,001 -
37,000+ ppm NaCl) sources. The unit shall be capable -~£ t:e;:xng
the above types of wvater concaininé turbidities up to 150
nephelometic turbidity un;ts (NTU's). It shall be capable of
operation using a standacd militacy S KW genecator. The unit shall
not be regquired to withstand electromagnetic pul;ation;"(gnv):
auclear, biological, and chemical (NBC) agent contamination ot
decontamination of chemical agents (DECON). The unit reqguires no
special canmcuflage reguirements.” The unit shail coamply with noise
standarzds found in MIL-STD-1474 and shall be‘capable dt.opcta:loa-
at altitudes of up to 14,000 feet. The unit shall be opecable in
an outdoor tropic environment to include heavy rain. The unit
shall be simple to opecate and require no maintenance other than
basic operator suppoct during missions lasting as long as 60 days.

It shall requice no special tools for maintenance at the operatoc
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level. The unit shall have a system suppoct package which will
allow operation for two weeks without resuptly. The unitc shall be
skid mounted and protected such that the units can be stacked a:t
least 3 high. 1It must be transpoctable in one or more loads by
vehicle as small as a 1/4 ton Jeep. The unit may be built in
sections or subsystems which consist of (1) raw water intake., (2)

f:eshmntteamen: segment capable of stand alsne

operation, (HM treatszent system operable in tandem with
the fresh v—asft‘e“x‘:“z;a:c:&'and (4) storage and distribution system
which may be gravity operated. wMaximum weight for each saction of
the unit shall not exceed 150 pounds. Each section shall be .
portable by not more than four (4) -persons. The unit shall be
capable of teing assembled in s maximum of 1 hour and operated by
uaskilled pecsonnel. The unit, without reconfiguratioa, shall be
air transpoctable by a C-130 or CH-47 Chinook helicopter. The
unit, without reconfiguration, sust be able to be sling loaded

under a2 UH-1 heliccpter.

PTT 3 LI 1 ey e o
Al Medntmin e Wi

i Irhe contractor shall provide all spare and cepair parts

' neccssary to operate the unit for a period of iive years. The uait

shall be fabricated from compatible matecrials :tat arce inherently
corrosion :nistanl:' or have been treated to provide protectioa
3qainst the various forms of corrosion and deterioratior that may
be encountered in any of the applicable operating and stcrage
environments to which the unit may be exposed. The unit shall be

capatle of complete drainage,
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RECOMMENDED OIANGZS TO PUSLICA TIONS AND care
SLANK FORMS Use Part {f (raveree) (o0 Regule Puste and
For von o4 Gia laom, sae 48 315 1. de cqmma? 16 e U3 Sgecial Toel Liats (RPITL) snd Sugpty
— e AR Nk [eagunnsl Cotalogs /Suspls Weausls (3C/3ML 3 Jun 23
m—c 10 prepatmet o gt iesston @ iem) (Ineiums LiP Cote) | PROM (detiviiy sns imaiian) (Incivte L1P Cotn)
Comm ader HQDA DCSCPS
3.8. Aray TRADCC ATIN: CAMO-FOL
ATTE: ATQ-SL QASHINCTSN, 2.C. 20310-0460
Port Moarve, VA 23631-5000
PART ¢ - ALL PUBLICA TIONS (ESCAPY RPITL AND SC.N) AND SLANE PRI
SUBLICAT IO/ 7 O BYEBER oarg rireg Operatiocnsl Needs Stacesenct
2 Mar 88 USSCUTUCOM Requiremsat for
wacer 2urification
. rage ranss ng [rieun
o | a e e e S CSIATR

1 2 2a(7) F3

mrchnn” Descrigeica

2 s 3 27
3 L W 29
4 5 bt 17

QIARGZ: ~can operace...houry of tratning”

1O QEAD: wiil be tcained to operace, ard perfc
cperator maiatenance on the syscen.

REZASON: The desizgnatesd opecacor of this equi;ze=n:
may be {n an isolatsd ares and his skills in
cperacing and maincaiaiag cthis equipasnt vill Ge
rhe difference 11 providiang vater for the task
force. Sioce the cperator does not hsve a speci-
£1c MDS, the traizee cusc be able to put the

DELETY: “and brackiah”

REASON: The systea should have s scand alone
fresh creatasut segment and & eeparate segment
for treatiag brackish end/or salt vater.
CHANGZ: "(3) salt vater...”

10 READ: “(3) brackish and salt wacer...”
REASCN: The syeZea should have s stand alone
frash treataant segdent and 3 separate segsent
for treating brackish and/ar ealt vater.

GIANGE : “Ao unskilled.....traisiag.”

= READ: Ao unskiiled soldier shall be trained
to operate and maiataia the uaie.”

REASON: The designated operator of this equip~
seat zay be {o an isclaced ares and his skills in
speratisg and maintaining this equipzent will be

equipment Lato operation and maiaotaia it whicih aar
requite more or less than eight hours of tralaing.

*Referont® 19 | ine urders i hia (he aaredresh or ubparegreeh.

TYSED WAGE. ¢AADE OR VITLE

OWARD L. CRAIG, G113
yeten Integrator

PLus

(

TELEPwONY ERCuamal/ ayuTAVOL, | NGRATUAT -
ZATE S iOn / )
AV IS - :

200 w3l-nlsn | é[ét“i«z/ cd“?’

D‘ , ::?'.2028 @EPLACED 08 PO 1328 Sac se waicm wiLu BE UIED
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APPENDIX B. ACCEPTANCE CRITERIA FROM
CoNTRACT DAAK70-89-C-0076

CAANT-ASI0CTE
rage 3
SECTION E
INSPECTION AND ACCEPTANCE
E.1 CLIN 0001 - Final inspection and acceptance of contract line
items number (CLIN) 0001, shall be made at Fort Belvoir, VA, by
an authorized representative of <the Contract Officer. The

government shall require a period not to exceed thirty (30)
calendar days after receipt of delivery for final inspection and
acceptance. The basis for acceptance shall be compliance with
the requirements and standards of section C, and passing the
Quality Assurance Test set forth at E.l.1l.

E.1l.1 Quality Assurance Test (6 hours). Each ROWPU shall be
hydraulically tested using saltwater (35,000 tds at 77 deg F) for
not less than 6 hours. Evidence of any of the following
conditions shall constitute failure of this test:

a. Leaks at any weld seam or any connection.

b. Light, or any switch fails to operate.

c. Valves fail to operate properly.

d. Mechanical or electrical failure of any component or
part.

Upon completion of the test, the ROWPU shall be flushed with
fresh chlorine-free water for a period of 10 minutes. Chemical
tanks are to be filled with fresh water. Control knobs on the
chemical feed pumps are to be set for maximum flow. The ROWPU is
to be operated in a normal manner for 10 minutes. After
flushing, all drain and vent valves are to be opened and left
open. The ROWPU will then be prepared for movement as instructed
by the technical manuals.
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APPENDIX C. TESTING PHOTOGRAPHS

MEMTEC Limited, Engineering Evaluation, River Test
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MEMTEC Limited, Engineering Evaluation, Pond Test
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MEMTEC Limited, Engineering Evaluation, Pond Test
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APPENDIX D. HOURLY DATA FOR SEAWATER TEST
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MEMTEC ENGIMEIZRING EVALURTION SALC WATER TEST DATA

4,3
PRESSURE TRANS-  PRODUCT PRIOULT RAW RAW TENP RAN
GAUBE  MEMBRANE T0s Tos CORRECTION TEMP  GEMERATOR
DATE TIME 83 (ps1+ PRESSURE (ppn PH (ppn) PH FACTOR 0EG C HOURS
21290 ?15 b N ¥ 2 S
L[] 2 0 2?0 ?.? 35000 2.5 1.3 16.6 13.6
301 26 0 310 ?.6 33000 7.3 1.3 16.8 14.0
1000 26 0 40 10.8
1300 26 o] 240 8.1 35000 7.4 1.2 19.3 11.5
1400 2? 0 240 7.8 35000 ’.8 1.1 20.0 12.2
1500 2? a 150 ?.9 35000 ?.0 1.1 21.3 13.3
1600 26 1 270 7.8 %000 3.3 1.1 22.6 142
1700 2 -1 e70 8.3% 35000 3.1 1.0 23.6 15.2
27137 630 2 o 320 ?.? 35400 8.4 1.1 21.7 15.6
?00 2 0 250 9.0 34300 8.1 1.1 21.0 16.1
80n 26 0 2?0 V.6 35000 2.2 1.1 22.8 17.2
900 27 0 <7 7.8 35000 7.2 1.0 23.9 18.1
1000 2 0 270 ?.0 35000 5.5 1.0 24.7 13.1
1100 2 o <30 8.9 36000 ?.5 1.0 6.1 20.0
1200 2? o 310 7.8 35000 ?.S 1.0 26.5 21.0
1300 2?7 0 330 8.0 35000 7.3 1.0 2?7.0 21.9
1601 2? -1 350 ?.6 37000 8.3 1.0 26.7 24.0
1200 26 1] £90 .7 35000 3.2 1.0 26.6 25.0
S149) 7190 2? -1 265 8.4 33000 3.1 1.0 24.5 25.4
800 27 o 280 7.4 35000 5.9 1.0 2S.5 26.2
300 28 0 290 7.8 %000 vl 1.0 26.3 2?7.2
1000 28 0 290 7.9 35000 7.1 0.9 27.2 28.2
1100 29 o] 310 ?.8 3%000 .3 0.3 28.0 29.2
1200 28 0 320 v.8 35000 7.3 0.9 29.1 30.2
1300 28 1] 320 8.0 37000 ?.3 0.9 28.5 31.2
1400 2 0 330 7.3 35000 ?.8 0.9 30.35 32.2
1500 ? 0 340 7.1 35000 ?.8 0.9 31.2 3.2
1600 2? 0 3490 7.6 35000 7.5 9.9 30.3% 34,2
1700 27 Q 340 7.8 35000 7.4 0.8 31.8 35.2
1800 27 0 340 7.3 35000 7.6 0.8 32.2 36.2
1900 2 -1 350 8.0 35000 7.6 2.8 2.3 .2
2000 & ] 340 8.4 35000 ) 0.8 32.% 3.2
2715790 r1s o g o r.2 34000 r.6 n.9 8.3 38.3
800 23 0 290 ? 35000 7.6 0.9 28.) 39.1
900 av 0 290 4 35000 ?.? 0.9 28.9 40.1
1000 N 0 310 7.2 33000 ?.? 0.9 29.1 41.1
1100 < 0 2M ?.3 35000 r.7 3.9 28.93 1.1
1200 2 0 291 7.3 35000 7.6 n.9 29.2 3.2
1300 8 0 300 7.2 35000 7.6 0.9 29.6 44.0
1400 2 Q 300 7.2 35000 ?.5 0.9 29.8 45.1
1500 2 0 300 7.3 35000 7.5 0.9 30.4 6.0
1600 a7 1] 300 2.3 35000 ’.6 0.9 31.6 46.9
1700 _? 1] 350 5.6 35000 S.? 9.9 30.3 47.9
271679 ‘4 e o 360 S.7 35000 5.8 1.0 26.6 48.3
801 27 0 330 S.? 33000 5.8 1.0 27.0 49.6
a0 < 0 33 S.9 23000 5.7 n.s 2?.8 49.6
1000 2° 0 340 5.8 23000 5.5 9.9 28.1 50.4
1109 ar 0 3?0 S.? 3000 S.5 9.9 28.8 51.6
1200 o [} 400 5.7 3IN000 5.2 0.9 29.3 S2.%6
1300 g 0 390 4.7 31000 s.0 0.3 29.7 $3.6
TOTALS .6
AVERAGE 2v [¢] i 7.3 34998 .3 .9 26.4




APPENDIX E. HOURLY DATA FOR RIVER TEST

(WITHOUT RO MODULE)
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APPENDIX F HOURLY DATA FOR RIVER TEST (WITH

RO MODULE)
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APPENDIX G. HOURLY DATA FOR POND TEST

(WITHOUT RO MODULE)
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HENTEC UNIT ENGINEERING EVALURTION POND TEST WITH NO RO UNIT

RAW
TURBIDITY TEMP  GEMERATOR
DATE TIHE (NTUD 0EG C HOURS
2/26/90 830 15.8 1.2 13.4
900 14.9 3.5 13.3
1000 21.8 1.3 14.9
1100 23.4 1.4 15.3
1200 24.3 S.1 16.9
1300 24.3 $.6 17.9
1400 23.1 $.4 18.9
1500 24.4 $.S 20.0
1600 23.8 5.3 21.0
2/2?/90 700 19.9 4.5 21.6
200 21.2 1.1 22.5
900 21.1 1.0 23.5
1000 21.8 4.7 24.6
1100 22.4 1.9 25.6
1200 22.8 1.9 26.6
1300 22.7 $.1 27.6
1400 24.3 3.3 28.6
1500 25.2 S.2 29.7?
1600 27.1 $.5 30.7
1700 27.1 S.? 31.6
2/20/9% 830 22.1 4.7 2.5
900 22.0 1.5 33.0
1000 23.8 5.4 4.1
1100 24.7 6.5 35.1
1200 24.7 6.6 36.1
1300 25.4 6.9 7.1
1400 26.6 7.5 9.1
1500 2r.2 7.0 39.1
1600 27.6 .0 €0.2
1700 28.3 r.1 41.2
ToTAL 27.8
AVERAGE 23.5 S.4
G-2
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APPENDIX H. HOURLY DATA FOR POND TEST (WITH
H-1

RO MODULE)
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APPENDIX I. MATERIAL SAFETY DATA SHEET FOR
PROPYLENE GLYCOL

CARION. UNION CARBIDE CORPORATION

Specialty Chemicals Division
MATERIAL SAFETY DATA SHEET
EFFECTIVE DATE: 08/30/88

Union Carbide urges each customer or recipient of this MISDS to study it carelully to become aware of aad
understand the hazards associated with the product. The reader should consider consulting reference werks or
individuals who sre experts in ventilation, toxicology. and fire prevention, as necessary or apprepriate te wse and
understand the data contained in this MSDS.

To promote safe handling, each custom:r or recipient should: (1) notily ity employees. agents, contracters and
others whom it knows or believes will use this material of the infermatioa in this MSDS and any other infermation
regarding hazards or safety: (2) [wrmish this same information te each of its customers for the preduct: and (3)
request its customers to notify their employees, customers, and ether users of the preduct of this information.

I. IDENTIFICATION

PRODUCT NAME'  UCAR Foog Freeze 35

CHEMICAL NAME: Propviene giycot (phosphate inribited)

CHEMICAL FAMILY: Giycois

FORMULA: CH2CH(OHCHZOH MOLECULAR WEIGHT. 76.1

SYNONYMS: Mixture

CAS # and MNot aophcatte
CAS NAME. Not appiicable (Mixture)

Il. PHYSICAL DATA (Determined on typical material)

BOILING POINT. 760 mm Hg: 162C (324 F) FREEZING POINT: POUR PCINT: -51 C (-53F)
SPECIFIC GRAVITY(H20 =1): VAPOR PRESSURE AT 20¢C:
1.052 at 20/20C TY 7T mm HQ (TO.09 kPA)

VAPOR DENSITY (air = 1); =24 (voiaute portion) SOLUBILITY IN WATER by wt: 100

EVAPORATION RATE APPEARANCE AND ODOR
(Buty! Acetate = 1) 0.06 (volatie portion) C'ear colortess iquid; odorless

Ill. INGREDIENTS

MATERIAL % TLV (Units) HAZARD
Propylene glycol 9535 Nere estathched Sas Section vV
Dipotassium nydrogen T 20 Nene estabisned Sea Section V
phasphate

Ceminzrahzad Water - 28 None astabhened Ses Section V

Copyright 1986, 1988 Union Carbide Corporation, USA
UCAR and UNION CARBIDE are trademarks of Union Carbide Corperation, USA
EMERGENCY PHONE NUMBER: 1~800-UCC-HELP (Number available at all times)
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IV. FIRE AND EXPLOSION HAZARD DATA

FLASH POINT 210 F ( 98 Q). Pensky -Martens Closea Cup ASTM D 33

(tegr metroais ) 240 F (116 C). Cieveland Cpen Cup ASTM D 92

FLAMMABLE LIMITS IN AIR, LOWER: 2.6 Propylene giycol

“a v vCiume UPPER: 12.5 Prepylene aiveat

EXTINGUISHING MEDIA: Apply aiconol-type or all-purpoce -type toam by manufacturer's recommended

techriques tor large fres. Use CO2 or dry chemical media for smail tires.

SPECIAL FIRE FIGHTING
PROCEDURES Use self -contained breathing apparatus and protective clothing,

UNUSUAL FIRE AND
EXPLOSION HAZARDS: None

V. HEALTH HAZARD DATA

TLV AND SOURCE: None @stabhisned by ACGIH or OSHA.

EFFECTS OF SINGLE OVEREXPOSURE:

SWALLOWING: No evidence of adverse eftects from availabie intarmation,
SKIN ABSORPTION: No ewvidence of adverse effacts from avaiable information.
INHMALATION: No evidence of adverse eftects from avadable information.
SKIN CONTACT: Cantact with Dare skin may cause minmal rritatior,

seen as miag 10cal redness.

EYE CONTACT: May cause mwmal rritation. seen as excess redness of the conjunctiva.

EFFECTS OF REPEATED OVEREXPOSURE:
Repeated skin contact may result in the development of an aliergic skin
reaction n a very smail proportion ot individualis.

MEDICAL CONDITIONS AGGRAVATED BY OVEREXPOSURE:
A knowiedge of avalable to~icology ntormation and of the physical and
chemical properties of the matenal suggests that overevposure s unikely
10 agaravate existing medical congiions.

SIGNIFICANT LABORATORY DATA WITH POSSIBLE RELEVANCE TO HUMAN
HEALTH HAZARD EVALUATION: None currently known,

OTHER EFFECTS OF OVEREXPOSURE:

May promnte abcorption of other cremicals.

EMERGENCY AND FIRST AID PROCEDURES:

SWALLOWING: If conscrous. Jve two glacses of water and induce vomimng. Call a
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phy<ic:an mmediately

SKIN wash with $0ap and water.
INHALATION: Remgve to tresh air.
EYES. Flush eyes with water 'horoughly and continuousty tor 15 minutes,
NOTES TO PHYSICIAN: There 's no specitic anudote. Treatment of overexposure shouid be drected

at the control of symptoms and the clincal condition.

VLLRE* _IVITY DATA

STABILITY: Stable

CONDITIONS TO AVOID: None

INCOMPATIBILITY (materials to avoid):

None

HAZARDQUS COMBUSTION OR DECOMPQSITION PRODUCTS:
Burning can produce carbon monoxide and carbon dioxide, and trace amounts
ot oxides of potassium and phosphorus.

HAZARDQUS POLYMERIZATION: wilt Not Occur

CONDITIONS TO AVOID: None

VIl. SPILL OR LEAK PROCEDURES

STEPS TO BE TAKEN IF MATERIAL 1S RELEASED OR SPILLED:
Small spils could be flushed with large amounts of water. Larger spills
should be coliected for disposal.

WASTE DISPOSAL METHOD: incinerate in a furnace or otherwise dispose of in accordance with applicable
Federal, State, and local requirements. See Section iX.

Vill. SPECIAL PROTECTION INFORMATION

RESPIRATORY PROTECTION (specify type):
None expected to be needed.

VENTILATION: General (mechanical) room ventilation is expected to be satisfactory.
PROTECTIVE GLOVES: Polyvinyl chioride -coated
EYE PROTECTION: Satety glasses

OTHER PROTECTIVE EQUIPMENT:

Eve bath ang salety showsr.
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1X. SPECIAL PRECAUTIONS

PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE:
WARNING: CAUSES EYE AND SKIN IRRITATION.
MAY CAUSE ALLFERGIC SKIN REACTION.
Avoid contact with eyes, skin, and clothing.
Wash thoroughly after handling.
FOR INDUSTRY USE ONLY

OTHER PRECAUTIONS: At very low concentralions in water, this product is readiy

biodegradabie in a biological wastewater treatment system.

NOTE ----

The opininne expressed heren are those of quaiified experts within Union
Carbide Corporation. We believe that the information contained herein is
current as ot the date of this Material Satety Data Sheet. Since the use of
this information and of these opinions and the conditions of the use of the
proguct are not within the control of Union Carbide Corporation, it 1s the
user’s obligation 10 determine the conditions of safe use ot the product.

Prepared by: Or. W. F. Gorham
Date: 07/19/88
Revision Date; 08/31/88 Printed in USA

PC: 71695
F NUMBER: 80270
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